Peptide sera specific for the C, C/C', and P proteins of Sendai virus have been used to confirm that the viral nonstructural prbteins originate from internal AUG codons and are tratnslated in a different reading frame from that of the P protein. The C protein undergoes aberrant migration on sodium dodecyl sulfatepolyacrylamide gel electrophoresis and is expressed at higher levels in infected cells than are the P and C' proteins.
It has been demonstrated that Sendai virus contains overlapping genes expressed from a single mRNA (4) . This mRNA encodes the 62-kilodalton P protein (which migrates anomalously at 79 kilodaltons on sodium dodecyl sulfatepolyacrylamide gel electrophoresis [SDS-PAGE]) found associated with the nucleocapsid complex (9, 15) and the two nonstructural proteins, C and C' 22 and 24 kilodaltons, respectively (2) . In vivo the C protein, which migrates faster than the C' protein on SDS-PAGE, is by far the predominant species. Based largely on these reported molecular sizes, the positions of the AUG start codons for the C and C' proteins on the P/C mRNA were predicted (4). Neither of the three AUG start codons were in the context considered to be the most favorable for initiation by eukaryotic ribosomes (i.e., 5' PuNNAUGG 3') on the basis of sequence comparisons available at that time (5). More recently, additional sequence comparisons (1, 6) and experiments using site-directed mutagenesis (7) have demonstrated that the guanine at +4 is not as important as first suggested but that a purine in position -3, especially an adenine, is characteristic of strong ribosome initiation sites. By these criteria the second AUG of the P/C mRNA is now in the most favored context (Table 1) . However, if it is assumed that the more slowly migrating C' protein starts on the second AUG and the faster-migrating C protein starts on either the third or the fourth AUG, which are closely spaced and have pyrimidines at positions -3 and +4, it would appear that the most favored AUG according to the context rule is used the least frequently of all.
To confirm the origin of the two nonstructural proteins (i.e., C coterminal and staggered N terminal; Fig. 1 ), peptide sera were raised in rabbits using synthetic peptides whose sequence was based on the predicted amino acid sequences of the P, C, and C' proteins ( Fig. 1 ). Rabbits were injected subcutaneously and intramuscularly with peptide conjugated to keyhole limpet hemocyanin in complete Freund adjuvant. At 3 weeks the rabbits were again injected in a similar fashion with peptide conjugate in incomplete Freund adjuvant. At 5 weeks the rabbits were injected as at 3 weeks but free peptide was also administered intravenously. The rabbits were subsequently boosted at 2-week intervals by intravenous injections of unconjugated peptide before sacrifice at 11 to 13 weeks.
Sendai virus-infected BHK cells were labeled with * Corresponding author.
[35S]methionine (50 to 100 p.Ci/ml) between 16 and 20 h postihfection. Cells were solubilized in RIPA buffer containing phenylmethylsulfonyl fluoride. Immunoprecipitations were performed essentially as described previously (12) and were analyzed on 12.5% acrylamide-SDS gels (8) . Sera raised against the P protein C-terminal peptide (P peptide) immunoprecipitated the P protein and an additional small peptide which we labeled X (lane 3, Fig. 2A ). Immunoprecipitation with the C/C' peptide serum (C coterminal) as expected immunoprecipitated both of the nonstructural proteins in the same relative proportions as found in cell extract (lane 1, Fig. 2A ). However, the antisera to the peptide derived from the N terminus of the larger nonstructural protein (which should not be contained in the smaller protein) only recognized the faster-migrating protein on SDS-PAGE (lane 2, Fig. 2A ). To confirm these observations we examined the proteins synthesized in vitro in a rabbit reticulocyte lysate (Fig. 2B ). As observed with the in vivo proteins, this sera recognized only the faster-migrating nonstructural protein (lane 6, Fig. 2B ), whereas the C/C' Aberrant protein migration on SDS-PAGE has been reported previously with the NS protein of vesicular stomatitis virus (3), the P protein of Sendai virus (4, 13) , and the P1 protein of influenza A virus (14) . To determine whether our data was the result of anomalous protein migration on SDS-PAGE, we examined the migration pattern on another gel system, the urea-polyacrylamide gels of Swank and Munkries (16). This analysis showed that the two nonstructural proteins comigrated as a single broad band (Fig. 3) . However, these peptide sera appear to confirm the model for the origin of the two Sendai virus nonstructural proteins proposed by Giorgi et al. (4) and reveal that these proteins undergo aberrant migration on SDS-PAGE. The reasons for this aberrant migration are not clear, but the explanation may lie in the fact that the 23 N-terminal amino acids of the larger C protein not contained in the shorter C' protein are highly charged; 12 of the amino acids are fully ionized at neutral pH, with a net charge of +6.
The data are also now more in agreement with the modi- fied model for ribosome initiation which predicts that a purine at -3 to the start AUG is a more important prerequisite for ribosome initiation than the guanine at +4 (8) . Thus, as the scanning model predicts, the AUG nearest the 5' cap is first used to initiate translation, giving rise to the P protein. Because this is not in the most favored context (i.e., having a guanine at +4 but a pyrimidine at -3), some ribosomes scan through this AUG and initiate at the second AUG triplet, which is in a more favored context, thereby giving rise to the predominant C protein. However, it is also clear that ribosomes can bypass the first two AUGs and also initiate on either the third or the fourth AUG codon, thereby giving rise to the C' protein. When the relative methionine cohltent of the P, C, and C' proteins is taken into account in estimating the relative intracellular molar amounts of these three proteins, it would appear that ribosomes initiate with equal frequency at the third or fourth AUG as they do at the first AUG (Table 1) . This finding clearly does not favor a scanning mechanism for ribosome initiation.
During in vitro translation studies it was noted that the levels of the C and C' proteins relative to that of the P (Fig. 4) , although the levels of the other virus-specific structural proteins remained unaltered. This presumably reflects variations in salt conditions, an observation that was reported previously (4) . Why changes in salt concentration should alter the ribosome recognition of internal AUGs is currently under investigation, but it may be another indication that mRNA structure plays a role in this recognition. A role for secondary structure in the expression of eukaryotic mRNAs has already been proposed (11 123 of the Sendai virus P/C mRNA (which includes the first two AUGs but not the third) hybrid arrests the translation of both the P and C proteins but not the C' protein. These results fully support the conclusion that the C protein but not the C' protein is initiated on the second AUG.
